The effects of aspirin and ibuprofen on pepsinogen secretion were studied in isolated human peptic cells prepared from endoscopically obtained biopsy specimens after collagenase digestion, mechanical disruption, and percoli gradient centrifugation. Pharmacological concentrations of aspirin and ibuprofen (10-8-10-4 M), potentiated histamine (10-6-10-4 M) and forskolin (10-5 M) inhibition and seems to act on pepsinogen Dr A I Lanas, Servicio de secretion at a post-receptor site.
tion, acetylcholine (10-6 M) stimulated pepsinogen secretion or cell vitality. Augmentation of secretagogue stimulated pepsinogen secretion was dependent on extracellular calcium because potentiation was abolished by calcium depletion of the medium. Cimetidine inhibited the potentiation effect on histamine but not on forskolin stimulated pepsinogen secretion, thus suggesting that this augmentation was independent of histamine H2 receptors. Of interest, potentiation was also independent of endogenous prostaglandin inhibition because exogenous addition of prostaglandin E2 and D2 increased both basal and acetylcholine stimulated pepsinogen secretion in a dose dependent way, but they did not modify histamine inhibition and seems to act on pepsinogen Dr A I Lanas, Servicio de secretion at a post-receptor site.
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Effects ofaspirin and ibuprofen on basal pepsinogen secretion from dispersed human peptic cells Aspirin and other non-salicylate NSAIDs have been reported to increase or potentiate histamine stimulated acid secretion in vivo5 6 and in vitro in different animal models, [7] [8] [9] [10] [11] suggesting that enhanced gastric acid secretion could play a part in the pathogenesis of NSAID induced gastroduodenal mucosal damage. The mechanisms of NSAID stimulated acid secretion have been extensively explored by Levine et al [7] [8] [9] in an in vitro rabbit parietal cell model, suggesting that NSAID induced acid secretion is regulated by the presence of calcium and the inhibition of prostaglandins.
Although available information provides sufficient evidence that intramucosal activation of acid proteases, mainly pepsinogens, plays an important part in peptic diseases of the upper gastrointestinal tract,'2 there are almost no data on the potential effects of NSAIDs on pepsinogen secretion by the stomach. In this study we Effects of aspirin and ibuprofen on pepsinogen secretion Neither aspirin nor ibuprofen had any significant effect on basal pepsinogen secretion * (Table) , but both drugs potentiated maximal (10-4 M) histamine stimulated pepsinogen secretion in a dose dependent way (Fig 1) . Latography activates the catalytic subunit of adenylate sermany). cyclase, was also potentiated by both aspirin le solvent and ibuprofen (Fig 2) . Cimetidine (2x10-4 isooctane: M) blocked aspirin potentiation of histamine ration of stimulated pepsinogen secretion but did not each of inhibit significantly aspirin effects on forskolin E2 and D2 stimulated pepsinogen secretion (Fig 3) , showhin layer ing that cimetidine inhibited histamine stimuaalised by lation in itself rather than the potentiation of i was then aspirin. ed with 10 Aspirin and ibuprofen (10 -i 0 -8 M) failed inted in a to potentiate acetylcholine stimulated pepone hour. sinogen secretion suggesting that the potentiat-;EM) and ing effect of these two drugs may be mediated s equal to by mechanisms that share some intracellular parations. pathway (for example, Ca++) but do not nined by change muscarinic related responses (Fig 4) humans and different animal models.7-1 These effects have suggested that enhanced gastric secretion by NSAIDs could be a factor in the pathogenesis of NSAID induced gastroduodenal injury.7-10 Species differences have been reported on the actions of NSAIDs in rabbits, frogs, and humans on parietal cells6 11 [20] [21] [22] and show that data from one species cannot be fully extrapolated to others (for example, humans). 14 Unlike gastric acid secretion, there are almost no data on the potential effects of NSAIDs on pepsinogen secretion. A report from Ohe et al 23 showed that aspirin increased the ratio of alkali-labile to total pepsinogen in the homogenates of gastric mucosa in rats and considered that activated pepsinogen was an essential step in ulcer formation by the hydrogen ion back diffusion. By using an 'in vitro' model of isolated human peptic cells, we now provide evidence for the first time that both aspirin and ibuprofen (two widely used NSAIDs) potentiate secretagogue stimulated pepsinogen secretion in humans. The potentiation of histamine stimulated pepsinogen secretion was seen at concentrations of both aspirin and ibuprofen that are commonly reached in plasma of patients who regularly used these drugs.17 18 Furthermore, the potentiation effect was also seen on different histamine concentrations (10 -4-1 0 -6 M) that are in the range required for maximum acid stimulated in the vascularly perfused rat stomach. 24 We have also explored the mechanisms by which aspirin and ibuprofen potentiate stimulated pepsinogen secretion by human peptic cells. Receptor and signal transduction pathway studies have clearly defined two sets of pepsinogen secretagogues: (a) those that activate adenylyl cyclase (for example, histamine, forskolin, vasoactive intestinal peptide, etc) and stimulate intracellular cAMP and (b) calcium mediated secretagogues (for example, acetylcholine, cholecystokinin, gastrin, etc); these agents interact with receptors in chief cells and result in the activation of enzymes that mediate phospholipid hydrolysis, release of calcium from intracellular stores, and the activation of calcium-calmodulin 'dependent protein kinases.25.27 Aspirin and ibuprofen did not seem to potentiate pepsinogen secretion by affecting the adenylate cyclase/cAMP system or the H2 receptor. Cimetidine inhibited the potentiation of histamine stimulated pepsinogen secretion by these drugs but failed to block the potentiation effect on forskolin stimulated pepsinogen secretion. Because forskolin activates the catalytic subunit of adenylate cyclase intracellularly, these results suggest a regulatory role for aspirin and ibuprofen in conjunction with secretagogues distal to the site of the catalytic subunit of adenylate cyclase activation. On the other hand, aspirin and ibuprofen effects on pepsinogen secretion seem dependent on extracellular calcium, as these two drugs failed to potentiate either histamine or forskolin stimulated pepsinogen secretion when extracellular calcium was removed from the media.
In rabbit parietal cells aspirin also potentiates histamine, forskolin, and dbcAMP stimulated aminopyrine uptake by calcium dependent mechanisms.7 In such a system aspirin increases intracellular calcium from intracellular sources, although an effect of aspirin to refill intemal Ca++ stores from the extracellular space was not excluded.7 Prolonged EGTA washes deplete both intra and extracellular Ca++ and a brief EGTA wash only depletes extracellular Ca+ + .7 28We have exposed peptic cells only to a brief EGTA wash followed by incubation in a calcium free Ringer solution and this was sufficient to eliminate the potentiation effect of NSAIDs on histamine and forskolin stimulated pepsinogen secretion. This suggests that extracellular calcium is needed for aspirin and ibuprofen to potentiate pepsinogen secretion in human peptic cells probably by refilling intracellular calcium stores. Furthermore, both aspirin and ibuprofen failed to potentiate acetylcholine stimulated pepsinogen secretion, a natural calcium dependent secretagogue. It is possible that intracellular calcium mobilisation by acetylcholine is potent enough to prevent further calcium increase by NSAIDs.
By finding that exogenous prostaglandins actually stimulated peptic cells, we ruled out a prostaglandin mechanism by which aspirin and other NSAIDs might potentiate pepsinogen secretion.7 8 Furthermore, this increase was in addition to that produced by acetylcholine suggesting that prostaglandins and acetylcholine act through independent pathways. Previous reports had already shown that prostaglandin effects on chief cells from dogs and guinea pigs were mediated by cAMP. 2930 We have confirmed this in our system because the exogenous addition of prostaglandin E2 to histamine stimulated pepsinogen secretion was not different to that obtained with histamine alone. Furthermore, aspirin potentiation of histamine stimulated pepsinogen secretion was neither inhibited nor potentiated by the addition of exogenous prostaglandin E2.
By using patient material it can be questioned whether longterm drug use may disturb the responsiveness of the mucosa (for example, H2 receptor antagonists used in most of our patients). However because most of our patients were receiving H2 blockers, the potential effects of these drugs on the responsiveness of the mucosa (increase or decrease secretion to histamine, etc) were present in all samples of a particular experiment and probably did not affect the main effect of the drug tested (NSAID, prostaglandins, etc) in our experiments (potentiation, inhibition, etc). Moreover, our results show that the effects of both NSAIDs and prostaglandins on pepsinogen secretion are independent of H2 receptors. Finally, the process of isolating cells includes repeated washing of cells with fresh Kreb's Ringer solution (at least 10 times), which eliminates the potential presence of any drug taken by the patient before the endoscopy.
Our results show also some variability in basal pepsinogen secretion in the different experiments. Studies on pepsinogen secretion in experimental conditions always show some interassay variability, but this has been found to be greater in isolated human peptic cells.13
The reasons for this are not known, but it may depend, at least in part, on different factors such as the different age of the subjects used in the study, the presence of a peptic ulcer disease, the presence of Helicobacter pylorn infection, etc. In this way, serum pepsinogen has been found to decrease in ulcer patients after H pylori eradication31 and in vitro sonicated preparations of H pylori increased pepsinogen secretion from isolated rabbit gastric glands.32 However, H pylori had no effect in isolated guinea pig gastric glands.33 Whether H pylori affects pepsinogen secretion of human peptic cells, or the response of these cells to natural agonists (acetylcholine, histamine, prostaglandins), and whether this infection or any other factor are responsible for the variability in basal pepsinogen secretion from isolated human peptic cells warrant further studies.
In conclusion, our data show that pharmacological doses of two of the most widely used NSAIDs (aspirin and ibuprofen) potentiate secretagogues stimulated pepsinogen secretion from dispersed human peptic cells and this might be an additional mechanism of NSAID induced gastric mucosal injury in humans. The potentiation effect of these drugs is calcium dependent, independent of endogenous prostaglandin inhibition, and may be mediated in peptic cells at a post-receptor site.
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